The symbiotic association between AMF and plants in coastal areas is a major strategy for the survival of native vegetation, due to the ability of external hyphae of fungi to absorb the scarce nutrients in substrates and to further the aggregation of soil particles promoting its stability. Despite its importance to the maintenance of coastal ecosystems, little is known about the dynamics of the AMF communities in tropical areas. The aim of this study was to evaluate the occurrence and diversity of AMF in maritime dunes from the Parque Ecológico Dunas de Genipabu, in Rio Grande do Norte (RN), Brazil. From August / 2010 to February / 2012, on four occasions in the rainy and dry seasons, rhizosphere soil samples from 48 plants were collected and 46 species of AMF were found, distributed among 10 families: Glomeraceae (12), Acaulosporaceae (7) Dentiscutataceae (7), Diversisporaceae (2), Gigasporaceae (5), Scutellosporaceae (4), Ambisporaceae (3), Racocetraceae (3), Intraornatosporaceae (2) and Sacculosporaceae (1). A higher richness and diversity were associated with dry season. The data obtained show that coastal areas are AMF diversity hotspots, with a high number of species associated with native vegetation.
Introduction
Arbuscular mycorrhizal fungi (AMF) comprises the Glomeromycota phylum which is organized in three classes, five orders, 15 families, 38 genera and approximately 280 species (Oehl et al 2011a , 2014 , Goto et al 2012a , Błaszkowski et al 2014 . These fungi establish obligate symbiotic association with more than 80% of representatives of land plants (Gianinazzi & Gianinazzi-Pearson 1986) , promoting growth and tolerance of the plant to biotic and abiotic stresses (Souza 2007) , due to the ability of external hyphae of fungi to absorb the scarce nutrients from substrates (Smith & Read 2008) .
Symbiotic association between plants and AMF is essential for the establishment and survival of plants in ecosystems with extreme environmental conditions, such as the dune areas (Janos 1980) . In this case, the native plants in dunes must constantly deal with various environmental stresses, such as transportation and instability of the substrate (Barbour 1992) , distance from the water table (Ranwell 1959 ) and salinity (Wilson & Sykes 1999) . Reports have been made about the effective participation of AMF associated with plants destined to fixing
Materials & Methods
The samples were collected in the Parque Ecológico Dunas de Genipabu (35º 12' 56"W and 05º 40' 40"S), located in the eastern coastal part of the state of Rio Grande do Norte (RN), in the city of Extremoz (Fig. 1) . The park area is surrounded by dunes whose vegetation consists of typical species of the Atlantic Forest, represented by herbaceous and shrub plant species and medium to large size (shrub-arboreal). It has tropical rainforest climate oscillating the temperature between 21°C (minimum) and 30°C (maximum), with an average of 26.1 ºC. The textural classification is sandy, with pH 5.6, organic carbon, C 16.6 mg kg -1 and P available, 3.0 mg kg -1 . The study period was from August / 2010 to February / 2012 on the dry and wet seasons consisting on a total of four occasions. A number of 48 samples comprising three sub-samples were taken from 0 to 20 cm depth in "zig zag", packed in plastic bags and brought to the laboratory. The host plants were collected and sent to the herbarium of the Universidade Federal do Rio Grande do Norte for identification. Glomerospores were obtained through the technique of wet sieving (Gerdemann & Nicolson 1963) and centrifugation on sucrose (Jenkins 1964) . Microscope slides were prepared in PVLG (polyvinyl alcohol and lactoglycerol) and PVLG + Reagent Melzer. The taxonomic evaluation followed taxonomic keys available in the literature (Schenck & Pérez 1990 , Goto 2009 ) and consultations on specialized sites (http://invam.wvu.edu/ and http://www.zor.zut.edu.pl/Glomeromycota/)
The data obtained were submitted to determine the number of AMF species per collection period, frequency of AMF species (Fa = Pa/ P 100), Brillouin index [HB = (ln N! -∑ln ni!)/N] Simpson (D = 1/ Σpi²), Shannon-Wiener (H' = -Σ pi ln pi), Margalef (DMg = (−1) / ln N), Menhinick (DMn = S/ √N), Chao 1 (Sc = S + F1²/ 2F2) and Sorensen similarity (S = 2c/ a + b + c). All analyzis were conducted using the software PAST version 1.81 (Hammer et al 2008) . 
Results
A total of 46 AMF species were found, distributed in 10 families (Table 1) . From the 15 families belonging to the Glomeromycota phylum (Goto et al 2012a , Oehl et al 2011a , 10 are represented in the AMF community of Parque Ecológico Dunas de Genipabu. Glomeraceae was the family with the highest number of species (12), followed by Acaulosporaceae (7), Dentiscutataceae (7), Gigasporaceae (5), Scutellosporaceae (4), Ambisporaceae (3), Racocetraceae (3), Intraornatosporaceae (2), Diversisporaceae (2) and Sacculosporaceae (1). Table 2 . Aristida setifolia was the plant species that showed the highest number of AMF species (17) while Cyperus meyenianus did not present AMF species in the rizosphere. The species with the highest frequency among the host plants evaluated were A. foveata, A. scrobiculata, A. appendicula, F. rubra, Gigaspora sp.1 and P. maritima (Table 3) . Most of the AMF species found in the Parque Ecológico Dunas de Genipabu also had records of occurrence on coastal dunes in Brazil and tropical and temperate regions worldwide (Table 4 ). The dry season (August /2010, August /2011) was associated with a higher number of species and diversity indexes (Table 5 ). There was a high similarity to the dunes of Santa Catarina, Brazil, followed by dunes of Paraíba, Brazil and Bornhom, Denmark (Table 6) . . appendicula, A. foveata, A. lacunosa, A. scrobiculata, C. gilmorei, G. albida, G. decipiens, R. gregaria, S. coremioides, S. sinuosa Trufem et al 1989 , 1994 , Trufem 1990 , 1995 Discussion Acaulospora, Gigaspora, Glomus and Scutellospora are the most common AMF genera in coastal areas worldwide (Maun 2009 ), a pattern verified in this study, in wich the species most frequent were belonging to the genera Acaulospora and Gigaspora. Acaulospora scrobiculata is the most common species on coastal areas around the world and also showed a high frequency in the Parque Ecológico Dunas de Genipabu.
The high representativeness obtained for the family Glomeraceae is in accordance with the results obtained by Trufem (1990 Trufem ( , 1995 and Souza et al (2011) during studies conducted in the sandy coast of Ilha do Cardoso, São Paulo and dunes from Mataraca, Paraíba in which Glomeraceae also exhibited higher representation. Nevertheless, we highlight that Glomeraceae is the most diverse and numerous family in the Glomeromycota phylum (Lista Global das Espécies do Filo Glomeromycota 2015), presenting occurrence in different Brazilian ecosystems. Therefore, the high variability within this clade in terms of species diversity and ecological adaptations may explain its high incidence in dune areas.
The plants show different degrees of mycotrophic status, though a substantial number of species is potentially mycotrophic and only a few families do not form mycorrhizae (Cardoso et al 2010) . According to Cardoso & Kuyper (2006) , however, each of these families have few representatives who may be colonized by mycorrhizal fungi, such as the family Cyperaceae (Muthukumar et al 2004) , an aspect which can be supported by the absence of glomerospores in the rhizosphere of C. meyenianus in contrast to the presence of glomerospores in the rhizosphere of C. maritimus.
Physical factors such as temperature and humidity have directly influence on the presymbiotic phase (Maia et al 2010) . A higher number of AMF species (27) was detected in the dry season (Table 4) , which recorded higher temperature and lower rainfall (28°C, 31°C and 106 mm for August/ 2010 and August/ 2011 respectively). The pattern obtained was similar to that observed by Souza et al (2011) in the dunes impacted by mining in Mataraca, Paraíba, Brazil, where there was a higher number of species associated with the dry season.
Silva et al 2012, in reforested dunes from Mataraca, Paraíba, Brazil, obtained a value equivalent to 2.79 to the diversity of Shannon-Wiener, pattern close to the obtained at the Parque Ecológico Dunas de Genipabu during the rainy seasons (2.67 and 2.60 in March/ 2011 and February/ 2012 respectively). A similar result was obtained for the diversity of Simpson recorded at 0.93 to the dunes of Mataraca, 0.92 during the dry season and 0.95 during the rainy season to the Parque Ecológico Dunas de Genipabu. Stürmer et al (2010) reported 65 species in a review about the occurrence of AMF in coastal dunes, a number that represents 24% of the species described from the Glomeromycota phylum (Lista Global das Espécies do Filo Glomeromycota, 2015) and this value shows the importance of these habitats to the discovery of new AMF species. Scutellospora hawaiiensis Koske & Gemma, a species reported for such areas, was recorded exclusively in coastal dune area (Gemma & Koske 1995) . Among the 153 species that occur in Brazil six were originally described from material originated from coastal dunes (Acaulospora herrerae Furrazola, B.T. Goto Silva & Oehl) of which five species were discovered on the coastal dunes in Rio Grande do Norte (A. herrerae, A. ignota, G. trufemii, P. maritima and R. natalense) (Goto et al 2011 , 2012a , b, Furrazola et al 2013 , Błaszkowski et al 2014 . These discoveries show that the dunes of Rio Grande do Norte are taxonomically promising areas.
The number of species obtained in the present study exceeds the average obtained for studies about AMF diversity (21) in other Brazilian coastal areas (Trufem et al 1989 , 1994 Trufem 1990 , 1995 , Stürmer & Bellei 1994 , Santos et al 1995 , Cordoba et al 2001 , Cordazzo & Stürmer 2007 , Oliveira et al 2009 , Souza et al 2011 , Silva et al 2012 , Stürmer et al 2013 . Furthermore, the high number of species recorded in this study shows that coastal dunes poorly studied or unexplored in tropical areas are potential reservoirs of AMF species. Just as it happens in Campos 51 Rupestres, where only two diversity studies totalized 69 AMF species, Brazilian dunes have a significant species number front to other ecosystems, in contrast to the low number of inventories developed and the wide availability of areas to be explored in this aspect (Souza et al 2010 , Carvalho et al 2012 , Coutinho et al 2015 .
The data indicate that dune areas are important reservoirs of AMF species by the high number of species associated with coastal vegetation of the Parque Ecológico Dunas de Genipabu.
